Actinomadura barringtoniae sp. nov., an endophytic actinomycete isolated from the roots of Barringtonia acutangula (L.) Gaertn. Gaertn.] at Khao Khitchakut district, Chantaburi province, Thailand, was characterized by using a polyphasic approach. The strain formed a branched substrate and aerial mycelia which differentiated into straight to flexuous chains of smoothornamented spores. Analysis of the cell wall revealed the presence of meso-diaminopimelic acid and N-acetylmuramic acid in the peptidoglycan. The whole-cell sugars were glucose, madurose, mannose, rhamnose and ribose. Mycolic acids were absent. The major phospholipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositolmannoside. The predominant menaquinones were MK-9(H 6 ), MK-9(H 8 ), MK-9(H 0 ) and MK-9(H 4 ). The major fatty acids were C 16 : 0 , C 18 : 1 !9c and 10-methyl C 18 : 0 (tuberculostearic acid 
Khao Khitchakut district, Chantaburi province, Thailand, 31 isolates were identified from the roots. Most of the isolates belonged to the genus Streptomyces (n=20) and some less common isolates were classified into the genera Actinomadura (n=7), Dactylosporangium (n=1), Nocardia (n=2) and Nonomuraea (n=1). In this study, the taxonomic classification of an Actinomadura strain, designated GKU 128 T , is described by using a polyphasic approach.
Strain GKU 128
T was isolated from excised roots that had been surface-sterilized as described by Rachniyom et al. [18] . Colonies appeared on starch-casein agar [19] supplemented with ampicillin (100 µg ml À1 ), penicillin G (2.5 U ml À1 ), amphotericin B (50 µg ml
À1
) and cycloheximide (50 µg ml
) after incubation at 28 C for 3--4 weeks. A single colony was purified and cultured on mannitol-soybean (MS) agar [20] . The pure culture was maintained in 20 % (v/v) glycerol suspension at --80 C.
Morphological and physiological characteristics of strain GKU 128 T were determined in comparison with those of phylogenetically closely related type strains, Actinomadura nitritigenes NBRC 15918
T and Actinomadura fibrosa JCM 9371
T . Cultural characteristics were determined on nutrient agar (NA; Difco), Czapek's agar (CZA; ATCC medium 312) and various International Streptomyces Project (ISP) media [21] , namely yeast extract-malt extract agar (ISP 2), oatmeal agar (ISP 3), inorganic salt-starch-agar (ISP 4), glycerolasparagine agar (ISP 5), peptone-yeast extract-iron agar (ISP 6) and tyrosine agar (ISP 7) after incubation at 27 C for 21 days. Mycelium and soluble pigment colour were determined by comparison with colour chips from the Colour Harmony Manual [22] . Spore morphology and ornamentation of strain GKU 128 T were observed by light and scanning electron microscopy (model JSM-6610LV; JEOL) using culture grown on ISP 2 medium at 28 C for 7 weeks. The motility of spores were observed after flooding the culture plate (MS agar at 28 C for 7 weeks) with releasing buffer [23] and incubated at 30 C for 30 min. Growth at various temperatures (5--50 C using a temperature gradient incubator), pH values (3.0--11.0 at intervals of 1.0 pH unit) and NaCl concentrations [0--7 % (w/v) at intervals of 1.0 %] were assessed using ISP 2 medium at 28 C for 14--21 days. For pH values, medium was adjusted with biological buffers: citrate buffer for pH 3.0--5.0, phosphate buffer for pH 6.0--8.0 and bicarbonate-carbonate buffer for pH 9.0--11.0. Catalase and oxidase activities were observed with 3 % (v/v) hydrogen peroxide solution and 1 % (v/v) tetramethyl-pphenylenediamine solution, respectively. Acid production from carbohydrates and decomposition of adenine, hypoxanthine, L-tyrosine, xanthine, casein and urea were determined using the method of Gordon et al. [24] . Reduction of nitrate was observed using nitrate broth (Difco). Starch hydrolysis was examined on ISP 4 medium. Gelatin liquefaction was evaluated on gelatin medium (2.0 % glucose, 0.5 % peptone, 20 % gelatin; pH 7.0). Coagulation and peptonization of milk were observed in 10 % (v/v) skimmed milk broth (Difco). Production of H 2 S and melanin pigments were determined on peptone iron agar (Difco) and ISP 7 medium. Citrate utilization was tested on Simmons' citrate agar (Difco). Degradation of Tweens 20 and 80 (1 %, w/v) were examined by using Sierra medium [25] . Utilization of carbon and nitrogen sources was examined on ISP 9 medium and basal medium supplemented with a final concentration of 1 and 0.1 % (w/v) of the tested carbon and nitrogen sources, respectively [21, 26] . Enzyme activities were tested by using the API ZYM system (bioM erieux) according to the manufacturer's instructions.
For chemotaxonomic analyses, freeze-dried cells were obtained from culture grown in ISP 2 broth on a rotary shaker at 27 C for 7 days. The isomer of diaminopimelic acid in the cell wall and sugar in whole-cell hydrolysate were determined by thin-layer chromatography (TLC) according to the method of Hasegawa et al. [27] and Stanck and Roberts et al. [28] , respectively. The N-acyl type of muramic acid in the peptidoglycan was examined using the method of Uchida and Aida [29] . Mycolic acids was detected by TLC following the procedure of Tomiyasu [30] . Phospholipids in the cell were extracted and detected by two-dimensional TLC according to the method proposed by Minnikin et al. [31] . Menaquinones were extracted and purified by using the method of Collins et al. [32] and were analysed by liquid chromatography-mass spectrometry (model JSM-T100LP; JEOL) with a Capcell Pak C18 UG 120 column (Shiseido) at 210 nm. Methyl esters of cellular fatty acids were extracted and analysed by gas chromatography (model 6850 series II; Agilent) with an HP Ultra 2 column (Agilent) according to the instructions for the Sherlock Microbial Identification System (version 6.1; MIDI), using the RTSBA6 library for identification of fatty acids [33] . The genomic DNA G+C content was determined by following the procedure of Tamaoka and Komagata [34] , and was analysed by high-performance liquid chromatography (model L-2455, Hitachi) with a Capcell Pak C18 UG 120 column (Shiseido) at 270 nm.
Genomic DNA of strain GKU 128
T was extracted from a culture grown on MS agar at 28 C for 7 days according to the method of Kieser et al. [35] . Conditions of PCR amplification of the 16S rRNA gene, purification and sequencing were carried out as described previously [18] . The 16S rRNA gene sequence of strain GKU 128
T was compared with corresponding sequences of reference type strains via the EzBioCloud server [36] , and the value of pairwise sequence similarities were achieved. The program CLUSTAL_X version 2.0 [37] was used to align the sequences of strain GKU 128
T together with the related taxa retrieved from the GenBank/EMBL/DDBI database. Phylogenetic trees were reconstructed using the neighbour-joining [38] , maximumlikelihood [39] and maximum-parsimony [40] algorithms by using MEGA software version 7.0 [41] . A distance matrix of the neighbour-joining and maximum-likelihood trees were generated using Kimura's two parameter model [42] . In addition, nearest-neighbour-interchange was used for the heuristic method for a maximum-likelihood tree. Likewise, subtree pruning-regrafting method (number of initial trees, 10; MP search level, 1; maximum of number trees to retain, 100) was carried out for the maximum-parsimony tree. All positions containing gaps and missing data were eliminated from the dataset. The topology of the phylogenetic trees was evaluated by bootstrap analysis [43] based on 1000 resampled datasets.
Strain GKU 128
T showed good growth on NA, CZA, ISP 3, ISP 4, ISP 6 and ISP 7 media and moderate growth on ISP 2 and ISP 5. Aerial and substrate mycelia were well developed. The substrate mycelium was yellowish brown, greyish yellow brown to brownish grey (ISP 2, ISP 4, ISP 6 and NA), greyish olive to olive black (CZA and ISP 3), dusty yellow (ISP 5) and oyster white (ISP 7). The aerial myceluim was white (ISP 3, ISP 5, ISP 7 and NA), light brownish grey (ISP 2) and pale orange (ISP 4), except on ISP 6 and CZA in which it was not produced. Antique gold pigment could be observed on ISP 2 medium (Tables 1 and S1 , available in the online version of this article). Strain GKU 128
T formed an extensively branched, non-fragmenting substrate and aerial mycelia. The aerial mycelium was differentiated into straight to flexuous chains of spores (six or more spores per chain). Each spore was oval to cylindrical (0.6Â0.8 µm) with a smooth surface, and non-motile (Fig. 1) . Phenotypic characterization revealed that strain GKU 128
T grew at 14--38 C (optimal 24--32 C), at pH range 7.0--8.0 (optimal pH 7.0) and at 0--5 % (w/v) NaCl (optimal 0--1 %). Other physiological and biochemical properties are shown in the species description. Furthermore, strain GKU 128 T exhibited different phenotypic characteristics from the reference type strains, A. nitritigenes NBRC 15918 T and A. fibrosa JCM 9371 T (Table 1) .
Strain GKU 128 T revealed chemical markers typical of members of the genus Actinomadura. The cell wall contained meso-diaminopimelic acid as the diagnostic peptidoglycan diamino acid and the whole-cell hydrolysate was found to contain madurose as the diagnostic sugar, along with glucose, mannose, rhamnose and ribose, showing that it possessed cell-wall type III [44] and whole-cell sugar pattern B [45] . The N-acyl type of muramic acid in the peptidoglycan was acetyl. Mycolic acids were absent. The diagnostic phospholipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositolmannoside and four unknown phospholipids (Fig.  S1 ), which correspond to phospholipid type PI [46] . The predominant menaquinone was MK-9(H 6 ) (67.6 %), with small amounts of MK-9(H 8 ) (17.6 %), MK-9(H 0 ) (12.8 %) and MK-9(H 4 ) (2.0 %). The major fatty acids were C 16 : 0 (44.8 %), C 18 : 1 !9c (21.5 %) and 10-methyl C 18 : 0 (tuberculostearic acid; 9.5 %) with minor amounts of C 18 : 0 (5.0 %), C 14 : 0 (4.8 %), summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c; 4.7 %), C 17 : 0 (2.3 %), C 17 : 1 !8c (1.2 %), C 16 : 1 !9c (1.1 %), which corresponded to fatty acid type 3a [47] . The major fatty acid profile of the strain was similar to those of A. nitritigenes NBRC 15918 T and A. fibrosa JCM 9371 T [10, 48, 49] . The genomic DNA G+C content was 70.5 mol%.
The almost-complete 16S rRNA gene sequence (1497 nt) of strain GKU 128
T was determined and compared with available sequences in public database. The results indicated that strain GKU 128
T was a member of the genus Actinomadura 
Decomposition of: T (98.7 %). Lower levels of 16S rRNA gene sequence similarity (<98.5 %) were found to the type strains of all other recognized species of the genus Actinomadura. The neighbour-joining and maximum-likelihood trees indicated that strain GKU 128 T was most closely related to A. nitritigenes NBRC 15918 T and A. fibrosa JCM 9371 T (Figs 2 and S2) . However, the maximum-parsimony tree showed that strain GKU 128
T comprised a separate branch from A. nitritigenes NBRC 15918 T and A. fibrosa JCM 9371 T within the genus Actinomadura (Fig. S3) .
To confirm the taxonomic position of strain GKU 128 T , DNA-DNA hybridization studies were fluorometrically determined using photobiotin-labelled DNA probes [50] by a microplate reader (model SH-9000, Corona Electric). Hybridization was performed at 50 C with eight replications for each sample and the DNA-DNA relatedness values were expressed as the means of two independent determinations. Level of DNA-DNA relatedness between strain GKU 128 T and the closely related species, A. nitritigenes NBRC 15918 T and A. fibrosa JCM 9371 T , were 18.4 ±4.1 and 13.7±4.3 %, respectively. These values are well below the 70 % cut-off point recommended for the definition of bacterial species [51] .
The phenotypic and genotypic characteristics of strain GKU 128 T clearly distinguished it from its closest phylogenetic neighbours (Tables 1 and S1 ). Phylogenetic analyses indicated that strain GKU 128
T was most closely related to A. nitritigenes NBRC 15918 T , which was supported by the neighbour-joining and maximum-likelihood trees. However, strain GKU 128
T possesses straight to flexuous chain of spores with smooth a surface ornament, which is different to A. nitritigenes NBRC 15918 T that possesses straight to hook-like chain of spores with a warty surface ornament [48] . Based on the results of the polyphasic taxonomic study, strain GKU 128 T represents the novel species of the genus Actinomadura, for which the name Actinomadura barringtoniae sp. nov. is proposed.
DESCRIPTION OF ACTINOMADURA BARRINGTONIAE SP. NOV.
Actinomadura barringtoniae (bar.ring.to¢ni.ae. N.L. gen. n. barringtoniae of Barringtonia acutangula (L.) Gaertn., the Indian oak tree from which the type strain was isolated).
Cells are aerobic, Gram-stain-positive, non-motile actinomycetes, which form extensively branched substrate and aerial mycelia. Abundant aerial mycelia are produced on ISP 2, ISP 4, ISP 5 and ISP 7 media and differentiate into straight to flexuous chains of six or more spores. The spores are smooth and oval to cylindrical in shaped (0.6Â0.8 µm in size). Antique gold pigment is produced on ISP 2 medium. The optimum temperature and pH for growth is 24--32 C and 7.0, respectively. NaCl tolerance is up to 5 % (w/v). Catalase activity, gelatin liquefaction, nitrate reduction and oxidase activity are positive, but H 2 S production, melanin pigment, milk coagulation and peptonization are negative. In the API ZYM system, positive for N-acetyl-b-glucosaminidase, acid phosphatase, alkaline phosphatase, a-chymotrypsin, cystine arylamidase, esterase (C 4), esterase lipase (C 8), b-glucosidase, leucine arylamidase, a-mannosidase, naphthol-AS-BI-phosphohydrolase and valine arylamidase, while weakly positive for a-galactosidase, b-galactosidase, a-glucosidase and trypsin, but negative for a-fucosidase, b-glucuronidase and lipase (C 4). The cell-wall peptidoglycan contains meso-diaminopimelic acid and the whole-cell sugars are glucose, madurose, mannose, rhamnose and ribose. The N-acyl type of muramic acid is acetyl. Mycolic acids are absent. The major phospholipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositolmannoside. The predominant menaquinone is MK-9(H 6 ), with minor amounts of MK-9(H 8 ), MK-9(H 0 ) and MK-9(H 4 ). The major fatty acids are C 16 : 0 , C 18 : 1 !9c and 10-methyl C 18 : 0 (tuberculostearic acid). The genomic DNA G+C content is 70.5 mol%.
The type strain, GKU 128 T (=TBRC 7225 T =NBRC 113074 T ), was isolated from the root of an Indian oak 
